tions, we utilized a restriction endonuclease accessibilIn the absence of Gal4-VP16 and competitor chromatin, ity assay. In order to assay multiple nucleosomes within fragments from across the entire length of the template an array, we used the G5E4-5S nucleosomal template. were immunoprecipitated ( Figure 1A, row F, lanes 1, 3, This template contains 5 Gal4 binding sites and a mini-5, and 7), indicating that SWI/SNF had no preference mal adenovirus 2 E4 promoter sequence like in pG5E4T for binding particular nucleosomes along the template. used above. However, in this template the promoter is By contrast, upon addition of competitor chromatin in flanked on both sides by five repeats of 5S rRNA gene the absence of Gal4-VP16, none of the template plasmid nucleosome positioning sequences (Simpson and Staffragments were immunoprecipitated ( Figure 1A , row F, ford, 1983; Ikeda et al., 1999). Within each of these 5S lanes 2, 4, 6, and 8), indicating that SWI/SNF was instead repeats is an Msp1 digestion site. After end-labeling this bound by the competitor chromatin. However, when fragment, it was assembled into spaced nucleosome Gal4-VP16 was bound to the array, the fragments that arrays (Ikeda et al., 1999) . The G5E4-5S nucleosomal are closer to the Gal4 binding sites were preferentially arrays were incubated in the presence or absence of immunoprecipitated in the presence or absence of comGal4-VP16, followed by the simultaneous addition of petitor chromatin ( Figure 1A , row H, all lanes). These SWI/SNF and a large excess of competitor chromatin data illustrate that in the presence of competitor chro-(where indicated in Figure 3 ) and the restriction enzyme matin, Gal4-VP16 both recruited SWI/SNF to the temMsp1. The deproteinized samples were then run on an plate nucleosome array and localized the complex to agarose gel ( Figure 3A ). An increase in the Msp1 digesthe promoter or nearby sequences.
tion template in the absence of activator, we subsequently Gal4-VP16 targeting of SWI/SNF, resulted in the complete dissociation of the SWI/SNF complex from nucleocompeted the Gal4-VP16 off the template with a Gal4 site oligo (see diagram in Figure 4A ). When Gal4-VP16 some arrays reconstituted with the control histones (Figure 5A, top panel, lanes 9 and 10) . By contrast, the same was removed from the template by the Gal4 site oligo, the SWI/SNF complex also dissociated ( Figure 4B , lanes Gal4 oligo competition failed to efficiently compete SWI/ SNF from the nucleosome arrays reconstituted with the 9 and 10). By contrast, a nonspecific oligo did not compete Gal4-VP16 or SWI/SNF from the G5E4T-5S nucleohyperacetylated histones ( Figure 5A , bottom panel, lanes 9 and 10). These data show that the SWI/SNF some array (lanes 11 and 12) . These data demonstrate that in the presence of competitor chromatin, the stable complex was retained to a greater extent on hyperacetylated nucleosomal array templates compared to conbinding of SWI/SNF to an unmodified nucleosome array required continued interactions with the activator that trol templates upon the dissociation of Gal4-VP16. This increased retention of SWI/SNF on hyperacetylated recruited it.
nucleosome arrays was not due to a differential dissociation of the Gal4-VP16, as it was efficiently competed Histone Acetylation Enhances SWI/SNF Retention on Nucleosome Arrays from both templates.
Figure 5B is a graphical representation of the average The biochemical data presented in Figure 4B 
Acetylation Enhances SWI/SNF Retention on Promoter-Proximal Nucleosomes
In Figures 1 and 2 we demonstrated that when recruited by a DNA bound activator, the SWI/SNF complex becomes localized to promoter proximal nucleosomes near the activator binding sites. However, when the activator has dissociated and the continued binding of SWI/ SNF to the nucleosome array is enhanced by acetylated histones, it is possible that the complex would be free to migrate on the nucleosome array. In particular, when the arrays are reconstituted with hyperacetylated histones or acetylated by NuA4, the acetylated nucleosomes would extend beyond those to which SWI/SNF SNF bound anywhere on the template ( Figures 7B and  7C , row E, lanes 1, 3, 5, 7, 9, 11, 13, and 15). When Gal4-VP16 was prebound to the array, regardless of the presence of competitor chromatin, SWI/SNF was The SAGA complex primarily acetylates histone H3 on promoter proximal nucleosomes, while the NuA4 compreferentially bound near the Gal4 binding sites ( Figures  7B and 7C, row F, all lanes) . The addition of Gal4 oligo plex primarily acetylates histone H4, but over a much broader domain of nucleosomes. To test whether the resulted in the complete dissociation of SWI/SNF from nonacetylated templates ( Figures 7B and 7C , row G, more biologically relevant acetylation of histones, namely by these specific yeast histone acetyltransferases, can lanes 1, 2, 5, 6, 9, 10, 13, and 14) as was observed in the immobilized template assay (Figures 4, 5, and 6 ). The also enhance the SWI/SNF retention on the array, we used the SAGA and NuA4 complexes to acetylate the fact that competition with the Gal4-site oligo dissociated SWI/SNF even in the absence of competitor chromatin templates prior to SWI/SNF addition and competition (Figure 6) . The SAGA or NuA4 complexes were first incusuggests that SWI/SNF had a higher affinity for the activator than for the nucleosome array template. However, bated with the template in the presence of Gal4-VP16 to generate their specific acetylation patterns (Vignali with acetylation, SWI/SNF was retained on the template following the addition of Gal4 oligo ( Figures 7B and 7C,  et al., 2000b) . The HAT complexes were removed and these HAT-acetylated templates were used in the SWI/ row G, compare lanes 1-2 and 3-4) . Importantly, SWI/ SNF was retained on the promoter proximal nucleo-SNF retention assay ( Figure 6A ). The addition of Gal4 Figure 5A , templates were either reconstituted with control or hyperacetylated histones. In Figure 6 , two different HATs (SAGA and crosslinking reagent was washed away using magnets to pulldown the immobilized templates (two washes in 50 l binding buffer). The NuA4) in the presence or absence of acetyl-CoA were individually targeted to the templates after the addition of Gal4-VP16. After a templates were released from biotin and the Dynabeads by digestion with PstI or EcoRI at 37ЊC for 4 hr. The samples were then digested 30 min incubation and two washes in the binding buffer to remove the HAT complexes, SWI/SNF and competitor chromatin was added with 10 mU MNase in 3 mM CaCl 2 for 5 min at room temperature. The digestions were stopped with the addition of a 2-fold excess as before. Gal4 or LexA oligo was then added where indicated for 30 min prior to pulldown. EGTA, and the samples were immunoprecipitated using affinity matrix HA (Covance) antibody to pulldown SWI/SNF and the crosslinked DNA. The beads were washed and the crosslinking reversed
